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Description
TECHNICAL FIELD

[0001] The present invention relates to a device for
speed measurement in a rail-mounted vehicle.

BACKGROUND ART

[0002] It has long been desired to be able to measure
the speed of a rail-mounted vehicle accurately and with
a high reliability over the whole speed range of the ve-
hicle and under all operating conditions. An accurate
speed value is desirable to be able to obtain, by integra-
tion, the distance covered by the vehicle and hence the
position of the vehicle along the track, which information
is required by superordinate traffic control systems. Fur-
ther, it is desirable to obtain an accurate speed value for
information to systems for control of the vehicle slip dur-
ing acceleration or deceleration, and it is then important
to obtain a good speed measure also at a very low
speed.

[0003] Further, inter alia for reasons of reliability and
cost, it is desirable that means for speed measurement
and position determination be arranged in their entirety
on the vehicle and that they be completely, or to the
greatest possible degree, independent of external
means, such as stationary signalling or measurement
systems arranged at the track or at some other location.
[0004] It is previously known to use tachometer gen-
erators connected to the wheels of the vehicle. Howev-
er, slipping of the wheels when driving or braking entails
unavoidable measurement errors in such equipment.
Further, the measures of speed and distance, which are
obtained from a tachometer generator, are dependent
on the current wheel diameter. This is changed with
time, both by wear and by the wheels being turned
down, which is done at regular intervals. The influence
of the diameter change may to a certain extent be com-
pensated by recurring calibrations and adjustments of
the measurement system, but the need thereof entails
an essential drawback, and under all circumstances a
tachometer generator system can probably not provide
a higher accuracy in, for example, the distance meas-
urement than some 10 to 30 percent.

[0005] In, inter alia, the article entitled "Hastighet-
smatning med korrelationsmetod", Andermo, Mork,
Sjoélund, Teknisk Tidskrift 1976, No. 3, pages 18-21, it
has been proposed (Figure 3 with description) that the
speed of a rail-mounted vehicle may be measured op-
tically in a contactless manner with the aid of a correla-
tion method. A sensor mounted in a bogie has two light-
emitting diodes which illuminate the rail at two different
locations at a known distance from each other. The re-
flected radiation is sensed at both locations with the aid
of photodiodes. One of the sensed signals is displaced
in time until a maximum correlation is obtained between
the two time-variable signals. The time displacement to-
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gether with the known distance between the measuring
locations then provides the speed of the vehicle and, by
integration, the distance covered. However, in practice,
it has been found that optical systems are sensitive to
the heavy fouling of detectors, etc., which is unavoidable
during vehicle operation. Further, particles present be-
tween the rail and the sensor, such as, for example, rain-
drops, snow, and brake dust, result in disturbances of
the measurement, among other things by heavy damp-
ing of the optical signals. Therefore, it has proved to be
difficult, or impossible, to obtain a high reliability and a
high measurement accuracy during operation in vehicle
environment using equipment of the above-mentioned
type.

[0006] In Jopping, Wennrich: "Radargestiitzte Weg-
und Geschwindigkeitsmessung auf Schienenfahrzeu-
gen, Signal+Draht, 85 (1993), pages 360-364, a system
for speed and road measurement during vehicle opera-
tion with the aid of a doppler radar is described. Such a
system has proved to be less sensitive to fouling than
an optical system. During vehicle operation in the winter
in a Nordic or arctic climate, however, it has proved that
the unavoidable presence of snow and ice coatings ob-
structs the radar radiation to such a high extent that the
system cannot be used under these conditions. Further,
in measurement equipment of this kind, it has proved to
be difficult to obtain the required accuracy of measure-
ment at a low vehicle speed.

[0007] US patent specification 4 179 744 describes a
device for checking the function of electric rail-mounted
vehicles. The device has one or more stationary sensors
placed along the rail, which are connected to stationary
measurement amplifiers and signal processing equip-
ment. When the vehicle passes the sensors, these de-
tect the electromagnetic fields from the traction equip-
ment of the vehicle. This makes possible control and
analysis of the function of the traction equipment. By ar-
ranging two such sensors at a known distance from
each other along the rail, and by allowing the signal
processing equipment to determine the time displace-
ment between the signals from the two sensors, the
speed of the vehicle may be calculated. The device re-
quires stationary installations and it may only give infor-
mation about the vehicle speed at that moment when
the vehicle passes the sensors and cannot give the con-
tinuous speed information which is required for, for ex-
ample, position determination or slip control.

[0008] US patent specification 4 283 031 describes a
device for use in connection with railway crossings. It
has stationary sensors arranged along the rail for deter-
mining, for example, the length of the train, the number
of cars, the train speed and direction. Each sensor is
arranged near the rail and senses those changes in an
electromagnetic field, generated by the sensor, which
are caused by wheel passages. By determining the time
between the passages by a vehicle wheel past two sen-
sors arranged at a known distance from each other, the
train speed may be determined. The device involves the
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same disadvantages as the device described in the pre-
ceding paragraph.

[0009] US patent specification 5 141 183 describes a
device in a handling system (e.g. an overhead travelling
crane or an industrial robot arranged on a trolley) com-
prising a carriage movable along a rail. The carriage has
current collectors running along stationary contact rails.
On the rails, magnetized strips are arranged which have
regions with alternately opposite magnetization direc-
tions. The current collector is provided with a sensor
which senses the field from the strip and which counts
the regions which are passed. If the regions have known
dimensions, the speed of the car may be determined.
Also this device requires stationary members (the mag-
netic strips) and may, therefore, only give speed infor-
mation upon the very passage of the stationary mem-
bers.

SUMMARY OF THE INVENTION

[0010] The invention aims to provide a device of the
kind described in the introductory part of the description,
which within the whole speed range of the vehicle ex-
hibits a high reliability and a high accuracy of measure-
ment also under very severe operating conditions, and
which is able to work completely independently of
means or systems arranged outside the vehicle.
[0011] Further, the invention aims to provide a device
which makes possible a reliable detection of non-move-
ment of the vehicle.

[0012] The invention also aims to provide a device
which makes possible detection of rail defects, such as
cracks and rail failures.

[0013] What characterizes a measurement system
according to the invention will become clear from the
appended claims.

BRIEF DESCRIPTION OF THE DRAWING

[0014] Theinvention will be described in greater detail
in the following with reference to the accompanying Fig-
ures 1-9. Figure 1 shows a sensor means according to
the invention, wherein Figure 1a shows the means
viewed from the side, Figure 1b the means viewed from
above, Figure 1c the means viewed in the direction of
movement of the vehicle, Figure 1d a sensor means in
an alternative embodiment, viewed from above, and
Figure le an example of the mounting of the sensor
means on the vehicle. Figure 2a shows a block diagram
of a measurement device according to the invention.
Figure 2b shows the configuration of the electronic sys-
tem, arranged in the sensor itself, in the means accord-
ing to Figure 2a. Figure 2c shows the configuration of
the circuits for signal processing of each one of the two
sensor signals in the means according to Figure 2a. Fig-
ure 2d shows how the device according to Figure 2a
may be supplemented in order to work alternately at two
different frequencies. Figure 3 shows in the form of a
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vector diagram the components of the output signal of
the sensor coil. Figure 4 shows an alternative embodi-
ment of the sensor means according to the invention,
with sensor coils in two directions orthogonal to each
other. Figure 5 shows a sensor means with three sensor
units and with a possibility of choosing between two dif-
ferent measurement distances. Figure 6 shows how the
switching between the measurement distances may be
made in the device according to Figure 5. Figure 7
shows an example of how the device according to the
invention may be supplemented for detection of non-
movement of the vehicle. Figure 8 shows an example
of how the device according to the invention may be sup-
plemented with means for detection of defects in the rail.
Figure 9 shows an alternative embodiment of the mag-
netization and sensor coils of the sensor means.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] The examples of electric and mechanical di-
mensioning information occurring in the following de-
scription are only approximate.

[0016] Figure la shows a sensor means according to
the invention. It is arranged on a vehicle bogie above a
rail 2, the longitudinal direction of which coincides with
the direction of movement of the vehicle and lies in the
plane of the paper. The sensor means comprises a
housing 1 made of electrically conducting material, for
example aluminium. The electrically conducting house
walls provide screening between the sensors and
against disturbances from external fields. The housing
has three spaces 11, 12 and 13. In each of the spaces
11 and 12 a sensor, G1 and G2, respectively, is ar-
ranged. Each sensor has a coil frame 110 and 120, on
which a magnetization coil 111 and 121, respectively, is
arranged. The magnetization coils have substantially
vertical longitudinal axes. Each coil has a length of 80
mm, a diameter of 22 mm, consists of 150 turns and is
fed with an alternating voltage with a frequency of 100
kHz. In the lower parts of the coil frames 110 and 120,
grooves are milled perpendicular to the direction of
movement, and in these grooves sensor coils 112 and
122 are arranged. Each sensor coil has a height of 7
mm and a width (perpendicular to the direction of move-
ment of the vehicle) of 25 mm and consists of 250 turns.
The sensor coils are arranged so as to be rotatable to
a certain extent around axes perpendicular to the plane
of the paper for adjustment of the coils such that their
sensing directions become perpendicular to the direc-
tion of the magnetizing field.

[0017] The distance d between the lower part of the
sensor means and the upper surface of the rail 2 is, for
example, 50-100 mm. It is adapted with respect to the
deflection of the bogie and to the reduction of the diam-
eter of the vehicle wheels which arises when the wheels
are turned down which is normally done at certain inter-
vals.
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[0018] The distance L in the direction of movement
between the axes of the two sensors is about 100 mm
in the example shown. Each sensor system (with at least
two sensors) is measured individually to obtain an
equivalent "electrical distance", L'z, which is then
stored in a non-volatile memory (e.g. an E2 memory).
This distance, L'g|, is then utilized as calibration value
by the signal processing unit.

[0019] Inthe common space 13 between the two sen-
sors, certain electronic equipmentis arranged on a print-
ed circuit-board 131. In the example described, this
electronic equipment consists of pre-amplifiers for the
signals from the sensor coils and of bandpass filters for
the sensor signals.

[0020] The housing 1 is provided with connection de-
vices (not shown) for supply voltages to the magnetiza-
tion coils and for the output signals from the printed cir-
cuit-board 131 and with the necessary connections be-
tween the sensor coils and the printed circuit-board.
[0021] Further, Figure la shows the coordinate system
used hereinafter in the description. The X axis of the
system is vertical and parallel to the longitudinal axes of
the magnetization coils. The Y axis is parallel to the lon-
gitudinal direction of the rail, and hence to the direction
of movement of the vehicle. The Z axis is horizontal and
perpendicular to the longitudinal direction of the rail.
[0022] Figure 1b shows a section through the sensor
means viewed from above. Figure 1c shows a section
through the sensor means viewed from the front.
[0023] The magnetization coil of a sensor generates
a magnetic alternating field - the magnetization field -
with a substantially vertical main direction. Since the coil
lies relatively close to the rail, the rail will influence the
field. Factors which influence the field are the magnitude
of the air gap between the sensor and the rail, the ge-
ometry of the rail (e.g. dimensional changes, damage,
interruptions), and the permeability and conductivity of
the rail. During movement of the vehicle, variations in
these factors will generate correlatable variations of the
magnetic field configuration. However, the variations in
the field are small compared with the magnitude of the
magnetization field. Since the sensor coil of each sensor
is separate, however, it may be oriented in space so as
to select and sense that magnetic component which
best represents the changes in the field which are
caused by these variations in the properties of the rail.
By orienting the sensor coils in the manner shown in Fig-
ure 1, thatis, orthogonally to the magnetization field, the
sensitivity of the coils to the strong magnetization field
is reduced to a very great extent. The field which is or-
thogonal to the magnetization field will in this way con-
stitute a greatly increased percentage of the output sig-
nal from a sensor coil, and in this way it has been pos-
sible to increase the sensitivity and the accuracy of the
detection of the magnetic-field variations to a very great
extent.

[0024] Figure 1d shows, viewed from above, an alter-
native embodiment of the housing 1 of the sensor
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means. The housing consists of an extruded alumium
profile with two circular parts, which form the spaces 11
and 12 for the two sensors and which are separated by
one part with plane-parallel walls which form the space
13 for the common electronic unit (the printed circuit-
board 131).

[0025] Figure 1e shows an example of the mounting
on the vehicle of the sensor means 1 shown in Figures
1a - 1c. The means is mounted on the underside of one
of the bogies of the vehicle, namely, the bogie 3 with its
two wheel sets 31 and 32.

[0026] Figure 2a shows the sensor means according
to Figure 1 with associated equipment for feeding the
field coils and for signal processing of the output signals
of the sensor coils. A supply unit SU feeds the magnet-
ization coils 111 and 121 with an alternating voltage with
the frequency 100 kHz with the aid of a sine-wave os-
cillator OSC and a power amplifier PA. The output volt-
ages u;4 and u;, from the sensor coils 112 and 122 are
supplied to the electronic circuits 1314 and 131, ar-
ranged on the printed circuit-board 131. The output sig-
nals ugq4 and ugy, from these circuits are supplied to sig-
nal processing circuits SB1 and SB2, which generate
the digital signals S1 and S2. Each such signal consti-
tutes a measure of the instantaneous value of the phase
position of the field sensed by the respective sensor coil.
The signals S1 and S2 are supplied to a calculating unit
CE, which by means of, inter alia, correlation of the two
signals, calculates measured values of the speed v of
the vehicle and the distance s covered.

[0027] Figure 2b shows the configuration of the elec-
tronic circuit 1314. The sensor coil 112 is connected to
a load resistance R1 of 50 kohms. The voltage u;; is
supplied to an amplifier and impedance converter F11
with an amplification of 5-10 times and an output imped-
ance of 50 ohms. The output signal of the amplifier is
filtered in a bandpass filter BP1 for filtering away other
signals than those which are derived from the magnet-
ization field, which has the frequency 100 kHz. In the
example now described, the filter has a passband with
upper and lower limit frequencies 150 kHz and 50 kHz,
respectively. The output signal from the bandpass filter
is designated uy;.

[0028] The electronic 131, is built up in the same way
as the circuit 131,.

[0029] Figure 2c shows the configuration of the sig-
nal-processing circuit SB1 shown in Figure 2a. The sig-
nal uy, is supplied to a phase-locked loop PLL1 with a
large time constant, one or a few seconds. This circuit
will have a phase position which corresponds to the
mean value of the phase position of the input signal ug,.
The circuit generates two output signals with the same
frequency as the input signal, thatis, 100 kHz. An output
signal ur21 has the same phase position as the input
signal and is supplied to a circuit AGC1 for control of the
working point of the sensor means. A second output sig-
nal consists of a square-pulse train u,4q which is phase-
shifted 90° from the former output signal and is supplied
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to an input of an exclusive OR circuit XOR1. The signal
u,q4 serves as a phase-position reference when deter-
mining the phase position of the voltage generated in
the sensor coil.

[0030] The circuit AGC1 is a circuit with a controllable
gain. The output signal uy,4 of the circuit has the same
phase position and curve shape as the input signal ur21
but a variable amplitude. The input of the circuit for con-
trol of the amplification is supplied with the signal uy;.
The peak value of this signal is detected, for example in
an envelope detector, and controls the amplitude of the
output signal of the circuit in such a way that the ampli-
tude of the output signal almost - but not quite - corre-
sponds to the amplitude of the measured signal uy,. The
circuit AGC1 has a large time constant, for example one
or a few seconds, and the output signal uy,; will there-
fore have the same frequency as the measured signal
ug4 and an amplitude and a phase position which nearly
correspond to the mean values of the amplitude and the
phase position of the measured signal uy;.

[0031] In a differential amplifier F21 the signal Uy,
is subtracted from the measured signal uy4 and the dif-
ference constitutes the output signal u'y, of the ampilifier.
The circuit PLL1 - AGCI - F21 now described will control
the working point of the means such that the component
in the output signal of the sensor coil which is caused
by the magnetization field is eliminated to the desired
extent. In this way, the sensitivity and the accuracy in
the detection of the field variations caused by the vehicle
movement are increased, which variations are small
compared with the magnetization field.

[0032] It has proved to be suitable not completely to
eliminate the voltage component caused by the magnet-
ization field, but to allow the output signal of the sensor
coil to contain, for example, 100 mV of this component
as phase reference. The XOR gate requires an input sig-
nal u'yq4 (Figure 2c), which on average should be 90°
phase-shifted relative to u.qq which is obtained from the
circuit PLL1. The latter circuit has found its phase posi-
tion substantially from the component of the magnetiza-
tion field. Therefore, a sufficiently large component from
the magnetization field should also be present in the sig-
nal u'yy¢ and thus also in u'y,.

[0033] The output signal u'y, of the amplifier F21 is
supplied to a comparator CMP1 which emits a logic one
if the input signal is larger than zero and a logic zero in
the opposite case. The output signal u'yy44 of the com-
parator, which signal is a square pulse train with the
same phase position and frequency as the input signal
U'y, is supplied to a second input of the XOR circuit
XOR1.

[0034] If the two input signals to the XOR circuit are
in phase, the output signal of the circuit becomes zero.
If the input signals are in anti-phase, the output signal
becomes 1. On average, the input signal u'y44 will have
the same phase position as the measured signal ugy,
that is, the phase difference between the two input sig-
nals to the XOR circuit will, on average, be 90°. On av-
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erage, therefore, the output signal of the circuit will have
the value 1/2, that is, the working point will, on average,
lie in the centre of the dynamic range of the circuit, which
entails an optimum utilization of the dynamic range.
[0035] The outputsignal ¢, of the XOR circuit consists
of a pulse train with the frequency 100 kHz and with a
mean value which, on average, has the value 1/2 and
which may vary between the above-mentioned limits 0
and 1. In a low-pass filter LP1, the 100 kHz component
and harmonics of this component are suppressed, and
the output signal ¢, of the filter is an analog signal which
varies concurrently with the phase position of the output
signal of the sensor coil. The output signal of the filter
is amplified and converted into digital form in an A/D
converter AD1 with the output signal S1.

[0036] The signal-processing circuit SB2 in Figure 2a
is built up in the same way as the circuit SB1 described
above.

[0037] The signals S1 and S2 from the signal-
processing circuits SB1 and SB2 in Figure 2a are sup-
plied to a correlation unit CE. This suitably consists of a
microprocessor programmed to perform speed determi-
nation with the aid of, inter alia, correlation of the two
signals S1 and S2 and to calculate, by integration/sum-
mation of the speed values, the distance covered by the
vehicle.

[0038] Each one of the signals S1 and S2 is stored
continuously as a sequence of a predetermined number
of digital values, which thus always reproduce the vari-
ation of the signal during a certain time prior to the mo-
ment in question.

[0039] A continuous calculation of the correlation be-
tween the signals S1 and S2 is made when these are
displaced by a varying time interval 7 relative to each
other. The time displacement 1,, which provides the
highest value of the correlation integral is used as one
subset for the speed determination. Further, the result
of previous measurements (the previous history), mod-
elling of the dynamic properties of the vehicle (the train),
possibly other (less accurate) speed sensors, as, for ex-
ample, a tachometer generator, are used as input data.
The evaluation program, which is a statistical probability
calculation with adaptive weights of the various input da-
ta, then provides an MLE (Maximum Likelihood Estima-
tion) of the instantaneous speed of the vehicle. The
speed of the vehicle is obtained as

_ =
TMLE
where
L'e.  is the equivalent "electrical distance" between

the two sensors (see Figure 1 with associated
description)

is the value of t which gives the best possible
correlation according to MLE.

TMLE
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[0040] Further, the device may be simply adapted to
determine the direction of movement of the vehicle by
shifting between S1 and S2 during the correlation and
investigating in which order between the two signal pat-
terns the correlation is obtained.

[0041] The microprocessor is adapted to carry out
correlation analysis with a predetermined frequency, for
example 10 measurements per second.

[0042] Figure 2d shows how increased reliability in
the speed determination may be obtained by allowing
the sensor means alternately to operate at two different
frequencies, for example 70 kHz and 100 kHz. A control
signal fc from the calculating member CE switches with
a suitable periodicity, for example between each meas-
urement, the oscillator frequency between these two
values. Where necessary, filter circuits etc. in the signal-
processing units SB1 and SB2 are also switched syn-
chronously therewith. Since the depth of penetration of
the field into the rail is different for the two frequencies,
the sensed signal patterns will vary in different ways dur-
ing the movement of the vehicle. However, the speed
values calculated at one frequency shall, in principle,
correspond to the values which are determined at the
other frequency. If the values do not correspond, it is
possible (if the difference is small) to form the mean val-
ue thereof, or (if the difference is great) to take this as
an indication of a fault in the sensor means.

[0043] As an alternative to allowing the sensor means
to alternately operate at different frequencies, two or
more sensor systems and measurement channels, op-
erating at different frequencies, may be arranged.
[0044] If desired, of course, two or more identical sen-
sor means may be used on a vehicle to obtain a higher
availability and increased reliability.

[0045] Figure 3 shows in the form of alternating-volt-
age vectors the output voltage ui of a sensor coil, which
voltage is composed of the two components u;, and ujy,.
That component in the output signal of a sensor coil
which is directly caused by the magnetization field may,
in practice, never be eliminated by adjusting the orien-
tation of the coil. However, by the circuit for control of
the working point of the means, described above with
reference to Figure 2c, as mentioned, this component
may be further reduced to the desired degree. However,
it has proved to be suitable not to eliminate the compo-
nent completely, and therefore, in the output signal of
the sensor coil, there is a component u;, which is caused
by the magnetization field. The field variations in the di-
rection of sensing of the sensor coil (orthogonally to the
magnetization field), which are caused by the move-
ment of the vehicle, will substantially provide a compo-
nent uiy of the output signal of the sensor, which com-
ponent has a 90° phase shift relative to the component
u;. The variations of the component uiy cause variations
of the phase position ¢ of the output signal of the coil
relative to the phase position of the component uix gen-
erated by the magnetization field. As mentioned, the ori-
entation of the sensor coils orthogonally to the magnet-
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ization field entails a great reduction of the influence of
the magnetization field on the output signal of a coil. The
variations in the phase position of the sensor signal
which are caused by the variations in the voltage com-
ponent uiy therefore become greatly increased, which
entails a good sensitivity and accuracy in the detection.
[0046] Figure 4 shows, viewed from above, a sensor
means of the same type as that shown in Figure 1. A
sensor, G1 and G2, respectively, is arranged in each of
the spaces 11 and 12 and each sensor has, in the same
way as in Figure 1, a magnetization coil (not shown)
which generates an alternating field with a vertical main
direction. Also, in the same way as in Figure 1, each
sensor has a sensor coil 112y and 122y, respectively,
with their sensing directions in parallel with the Y-axis.
In the means shown in Figure 4, each sensor has an
additional sensor coil, 112z and 122z, respectively, with
its sensing direction in parallel with the z-axis.

[0047] From the sensor coils 112y and 122y, two sen-
sor signals, here designated uy4, and ugy,, are obtained,
in the same way as described with reference to Figures
1 and 2, via electronic circuits 131 arranged in the sen-
sor, which sensor signals are signal-processed and cor-
related with each other for forming a measure of the
speed v of the vehicle in the manner described with ref-
erence to Figure 2. The signals uy,, and uy,, are proc-
essed in the same way, either by separate signal-
processing circuits and calculating means, or by using
the same circuits alternately for determining the vehicle
speed from the signals from one of the pairs of coils and
alternately from the signals from the other pair of coils.
Possibly, one of the pairs of coils with its signal-process-
ing circuits and calculating means may be used in the
normal case and the other pair of coils with its signal-
processing circuits and calculating means serve as a
pair of stand-by coils to be activated in the event of a
fault in the normally used system.

[0048] It has been found that sensor coils with their
sensing direction in the y-direction are insensitive to
fields which are caused by traction and signal currents
flowing in the rail, and that this coil orientation may be
preferable. This is not the case with coils which have
their sensing direction in the z-direction, but the disturb-
ing influence of the above-mentioned currents may to a
great extent be reduced with the aid of some distur-
bance elimination method known per se, for example
according to the Swedish patent with publication
number 441 720.

[0049] Figure 5 schematically shows a sensor unit ac-
cording to an alternative embodiment of the invention.
It has three sensors, each one designed as, for exam-
ple, the sensors in Figure 1. It has a sensor G1 and a
sensor G2 in the same way as the sensor means of Fig-
ure 1. The distance between the centre lines of the sen-
sors constitutes the measuring distance L. The sensor
signals from the sensors G1 and G2 are correlated with
each other in the manner described with reference to
Figure 2, and the speed of the vehicle is calculated by
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means of the measuring distance L.

[0050] Between the sensor G1 and the common elec-
tronic space 13, a third sensor G2' of the same kind is
arranged adjacent the sensor G1 and forms together
therewith a shorter measuring distance L' with a length
of, for example, 40 mm. At low vehicle speed, this short-
er measuring distance provides considerably faster
speed determination than the longer measuring dis-
tance L. As shown in Figure 6, the choice of measuring
distance may preferably be made automatically in de-
pendence on the vehicle speed. The signals uyg, and u'y,
from the sensors G2 and G2', respectively, are supplied
to the signal-processing unit SB2 via electronic switch-
ing members SW1 and SW2. A level-sensing circuit
NV1 is supplied with the calculated speed value v. If the
speed is greater than a certain predetermined value v,
the longer measuring distance is used and the signal
ud?2 is switched via the switching member SW1 into the
signal-processing unit SB2. If the speed does not ex-
ceed the value v, the shorter measuring distance is ac-
tivated by instead switching the signal u'y, via the
switching member SW2 into the unit SB2.

[0051] Although the system described above with a
suitable dimensioning may provide a good measure-
ment result down to a very low speed, the measurement
system unavoidably ceases to function when the speed
approaches zero. In many applications, therefore, it is
desirable to complete the system with an indication as
to whether the speed of the vehicle is zero.

[0052] When the vehicle is stationary, S1 and S2 will
be uncorrelated time sequences for all time displace-
ments t between the sequences. One method is to test
for total independence when the estimated value of the
speed is below a predetermined limit. When this hypoth-
esis is verified at a given significance level, uncorrelated
sequences are indicated. In addition, S1 and S2 will be
approximately static sequences when the speed is zero.
A low variance (RMS value) is, therefore, also an indi-
cation of the speed being zero.

[0053] Figure 7 shows how these tests may be com-
bined. The calculating unit CEa is supplied with the sig-
nals S1 and S2 and delivers - if the above-mentioned
test of the absence of correlation is fulfilled - a signal NC
which indicates that the two signals are uncorrelated.
The circuits CEb and CEc deliver signals LV1 and LV2
if the variance of the signals S1 and S2, respectively,
lies below predetermined levels. The signals NC, LV1
and LV2 are supplied to an AND circuit AC which deliv-
ers an indicating signal V=0 if all three tests are fulfilled.
[0054] As an alternative to the tests described in the
preceding paragraph, other known statistical standard
tests for stationary state may be used.

[0055] The circuits shown in Figure 7 suitably consist
of parts of the program for a microprocessor which con-
stitutes a control and calculating unit for the speed sen-
sor.

[0056] Figure 8 shows how the device described
above may be supplemented with means for detection
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of defects in the rail, such as cracks or rupture. The sen-
sor signal S1 is supplied to a circuit CD which calculates
one or more predetermined characteristics Cg4 of the
signal, for example maximum amplitude or rate of
change. That value or those values C,, of the corre-
sponding characteristics, which occur at the defect or
defects which are to be detected, are stored in advance
in a memory M. A comparison circuit COMP2, a pattern
recognition circuit, continuously compares the charac-
teristic quantities Cg4 and Cy, and delivers a detection
or alarm signal SL at a predetermined degree of corre-
spondence.

[0057] Alternatively, the defect detection may be
made by comparing that signal pattern, which the values
of S1 for a certain period of time constitute, with the cor-
responding signal pattern stored in advance in the mem-
ory. The comparison between the signal patterns may
possibly be made by time-shifting one of the patterns,
in the same way as with the speed measurement de-
scribed above, in relation to the other pattern until max-
imum correlation is obtained, whereby a fault is consid-
ered to have been detected if at least a predetermined
degree of correlation is obtained.

[0058] Figure 9 schematically shows an alternative
and advantageous embodiment of the magnetization
and sensor coil of a sensor (e.g. G1 or G2 in Figure 1).
The magnetization coil 111 is designed as a flat sheet-
wound coil with a vertical axis. The coil has a consider-
ably smaller length (extent in the vertical direction in the
figure) than diameter. By making the coil short, all its
winding turns will be as close to the rail as possible,
which provides a high magnetizing field intensity at the
rail surface. The sheet winding is suitably performed in
the manner shown in the figure, with a large number of
turns of a thin sheet, which provides a large effective
area and hence a lower effective resistance and a higher
current-handling capacity than a corresponding wire
winding (at the frequencies used, the depth of penetra-
tion will be small because of the skin effect). Alternative-
ly, however, the magnetization coil may, of course, be
designed as a wire-wound coil.

[0059] The sensor coil 112 is arranged adjacent to the
magnetization coil and at the same height d above the
rail 2 as this. As in the sensors described above, the
sensor coil has a horizontal longitudinal axis and sens-
ing direction. With the location shown - as well as with
the sensors described above - the sensing direction of
the coil will be perpendicular to the direction of the mag-
netizing field at the sensor coil. Since the sensor coil is
arranged adjacent to the magnetization coil, the latter
may be arranged nearer the rail, which provides a higher
field intensity at the rail surface. It has proved to be par-
ticularly advantageous to arrange the sensor coil 112
displaced in the longitudinal direction of the rail by a dis-
tance from the magnetization coil which is approximate-
ly half (d/2) of the distance d between the magnetization
coil 111 and the rail. At this distance, the magnetizing
field intensity at the rail is highest, and a maximum in-
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duction is obtained in the sensor coil. The embodiment
of the sensor shown in Figure 9 has proved to provide
good detection properties.

[0060] Inthe sensor means described above, the sig-
nals which are correlated are formed by sensing the
phase position of the sensor signal. Alternatively, the
amplitude component of the sensor signal may also be
used.

[0061] Further, in the sensor means described above,
each one of the signals which are correlated is obtained
from one single sensor coil. Alternatively, several sensor
coils may be connected together to form such a signal,
in which case the coils are oriented with different sens-
ing directions, chosen in a suitable manner, for optimi-
zation of the sensitivity of the total output signal to the
desired field variations and/or insensitivity to direct in-
fluence by the magnetization field.

[0062] For monitoring the function of the device, a
separate monitoring winding may be adapted to sense
the amplitude and/or phase of the magnetization field.
In that case, a monitoring unit is adapted to trigger an
alarm in the event of loss of the magnetization field, or
if the characteristics of the field deviate from the desired
ones.

Claims

1. A device for speed measurement in a rail-mounted
vehicle characterized in that it comprises means
(G1, G2) arranged on the vehicle and adapted

- to generate, at two different measuring loca-
tions after each other in the longitudinal direc-
tion of the vehicle and at a known distance (L)
from each other, a magnetic field which com-
prises the rail (2),

- tosense, ateach one said measuring locations,
a signal pattern (S1, S2) which corresponds to
atime variation of the field caused by the move-
ment of the vehicle along the rail,

- to determine the time displacement (z,,) be-
tween the two signal patterns by correlation of
the two signal patterns, and

- todetermine, on the basis of said time displace-
ment and on the basis of the known distance
between the measuring locations, the speed (v)
of the vehicle.

2. Adevice according to claim 1, characterized in that
it comprises field-generating means (111, 112)
adapted to generate at each measuring location a
magnetic alternating field.

3. Adevice according to claim 2, characterized in that
the field-generating means are adapted to generate
alternating fields with a frequency exceeding 10
kHz.
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12.
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15.

A device according to claim 2, characterized in that
the field-generating means are adapted to generate
alternating fields with one of at least two optional
different frequencies (f;, ).

A device according to claim 4, characterized in that
the field-generating means are adapted to alter-
nately operate at two different frequencies (f;, f5).

A device according to claims 1 and 2, character-
ized in that it comprises two sensors (G1, G2) ar-
ranged in spaced relationship to each other on the
vehicle in the longitudinal direction (Y) of the vehi-
cle, wherein each sensor has a magnetization coll
(111, 121), supplied with alternating current, for
generating a magnetization field comprising the rail

).

A device according to claim 6, characterized in that
the magnetization coil (111, 121) is arranged with
its longitudinal axis (X) substantially perpendicular
to the longitudinal direction (Y) of the rail.

A device according to claim 7, characterized in that
the magnetization coil (111, 121) is arranged with
its longitudinal axis (X) substantially vertical.

A device according to claim 6, characterized in that
each sensor (G1, G2) comprises at least one sep-
arate sensor coil (112, 122) for sensing field varia-
tions caused by the movement of the vehicle.

A device according to claim 9, characterized in that
the sensor coil (e.g. 112) is arranged between the
magnetization coil (111) and the rail (2).

A device according to claim 9, characterized in that
the sensor coil (e.g. 112) is arranged with its sens-
ing direction (Y) substantially perpendicular to the
direction (X) of the magnetization field.

A device according to claim 11, characterized in
that the sensor coil (e.g. 112) is arranged with its
sensing direction (Y) substantially horizontal.

A device according to claim 12, characterized in
that the sensor coil (e.g. 112) is arranged with its
sensing direction (Y) substantially parallel to the
longitudinal direction of the rail.

A device according to claim 12, characterized in
that the sensor coil (e.g. 112) is arranged with its
sensing direction (z) substantially perpendicular to
the longitudinal direction of the rail.

A device according to claims 6 and 9, character-
ized in that the magnetization coils (111, 121) and
the sensor coils (112, 122) are ironless air coils.
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A device according to claim 9, characterized in that
the output signal (u;4) of the sensor coil (e.g.112) is
adapted to be supplied to means (SB1) for sensing
variations in the phase position () of the signal.

A device according to claim 16, characterized in
that the means (SB1) for sensing variations in the
phase position of the signal comprises a phase-
locked circuit (PLL1) for generating a phase refer-
ence signal (u.44).

A device according to claim 9, characterized in that
the output signal (u;4) of the sensor coil is adapted
to be supplied to means (PLL1, AGC1, F21) for
electronic control of the working point of the means
(SB1) for sensing variations in the phase position
of the signal.

A device according to claim 18, characterized in
that the means for electronic control of the working
point comprise means (PLL1, AGC1) for generating
a signal (uy,q) corresponding to the mean value of
the sensor signal and means (F21) for subtraction
of said signal from the instantaneous value (uy4) of
the sensor signal.

A device according to claim 9, characterized in that
it comprises a first sensor (G1) and a second (G2)
and a third (G2') sensor arranged at different dis-
tances (L, L") from the first sensor as well as selector
means (SW1, SW2) adapted to select, for correla-
tion with the output signal (uy4) from the first sensor
(G1), the output signal (ug,, U'yp) from either the
second (G2) or the third (G2') sensor.

A device according to claim 20, characterized in
that it comprises means (NV, SW1, SW2) for auto-
matic selection of the output signal from the second
or the third sensor in dependence on the speed (v)
of the vehicle.

A device according to claim 1, characterized in that
the sensed signal patterns (S1, S2) are adapted to
be supplied to means (DS, NV2, CE, NV3, OC) for
detection of non-movement of the vehicle.

A device according to claim 22, characterized in
that the means (DS, NV2, CE, NV3, OC) for detec-
tion of non-movement of the vehicle comprise
means (DS, NV2) for detection of the absence of
variation of a signal pattern (S1) sensed at a meas-
uring location.

A device according to claim 23, characterized in
that it comprises means (CE, NV3) for detection of
the absence of correlation of the two signal patterns
(S1, S2) sensed at two measuring locations.
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A device according to claim 1, characterized in that
it comprises means (M) for storage of characteris-
tics (Cy) of a signal pattern occurring at a rail defect
as well as means (CD, COMP?2) for detection of rail
defects by continuous comparison between said
stored characteristics and the corresponding char-
acteristics (Cg4) of a signal pattern (S1) sensed dur-
ing the movement of the vehicle.

A device according to claim 6, characterized in that
the sensors are adapted to be mounted on a vehicle
bogie.

A device according to any of claims 6-21, 26, char-
acterized in that the extent of the magnetization coll
(111) in its longitudinal direction is considerably
smaller than the diameter of the coil.

A device according to claim 27, characterized in
that the magnetization coil (111) is a sheet-wound
coil.

A device according to any of claims 9-21, charac-
terized in that the sensor coil (112) is arranged at
substantially the same vertical distance from the rail
as the magnetization coil.

A device according to claim 29, characterized in
that the sensor coil (112) is displaced in the longi-
tudinal direction of the rail (2) in relation to the mag-
netization coil (111) by a distance (d/2) which con-
stitutes approximately half of the distance (d) be-
tween the magnetization coil and the rail.

Patentanspriiche

1.

Vorrichtung zur Messung der Geschwindigkeit ei-
nes Schienenfahrzeuges, dadurch gekennzeich-
net, dal es Einrichtungen (G1, D2) hat, die am
Fahrzeug angeordnet sind und imstande sind

- anzweiverschiedenen MelRorten, die in Langs-
richtung des Fahrzeugs liegen und einen be-
kannten Abstand (L) voneinander haben, ein
magnetisches Feld zu erzeugen, welches die
Schiene (2) erfalt,

- an jedem der genannten MeRorte ein Signal-
muster (S1, S2) zu messen, welches einer zeit-
lichen Veranderung des Feldes entspricht, die
durch die Bewegung des Fahrzeugs langs der
Schiene verursacht wird,

- die Zeitverschiebung (t,,) zwischen den beiden
Signalmustern durch Korrelation der beiden Si-
gnalmuster zu bestimmen und
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- aufder Grundlage der genannten Zeitverschie-
bung und des bekannten Abstandes zwischen
den MefRorten die Geschwindigkeit (v) des
Fahrzeugs zu bestimmen.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dal sie felderzeugende Einrichtungen
(111, 112) enthalt, die imstande sind, an jedem
MefRort ein magnetisches Wechselfeld zu erzeu-
gen.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dal} die felderzeugenden Einrichtungen
imstande sind, Wechselfelder mit einer Frequenz
von Uber 10 kHz zu erzeugen.

Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dal die felderzeugenden Einrichtungen
imstande sind, Wechselfelder mit einer von minde-
stens zwei optionalen unterschiedlichen Frequen-
zen (fy, fy) zu erzeugen.

Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, daR die felderzeugenden Einrichtungen
imstande sind, abwechselnd mit zwei verschiede-
nen Frequenzen (f,, f,) zu arbeiten.

Vorrichtung nach Anspruch 1 und 2, dadurch ge-
kennzeichnet, dal} sie zwei Sensoren (G1, G2)
enthalt, die in Abstand voneinander in Langsrich-
tung (Y) des Fahrzeugs am Fahrzeug angeordnet
sind, wobei jeder Sensor eine Magnetisierungsspu-
le (111, 121) hat, die mit Wechselstrom gespeist
wird, zur Erzeugung eines magnetischen Feldes,
welches die Schiene 2 erfalt.

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dall Magnetisierungsspule (111, 121) mit
ihrer Langsachse (X) im wesentlichen senkrecht
zur Langsrichtung (Y) der Schiene angeordnet ist.

Vorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, dall die Magnetisierungsspule (111, 121)
mit ihrer Langsachse (X) im wesentlichen vertikal
angeordnet ist.

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dal jeder Sensor (G1, G2) mindestens
eine separate Sensorspule (112, 122) hat zur Mes-
sung von Feldanderungen, die durch die Bewegung
des Fahrzeugs verursacht werden.

Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, dal} die Sensorspule (zum Beispiel 112)
zwischen der Magnetisierungsspule (111) und der
Schiene (2) angeordnet ist.

Vorrichtung nach Anspruch 9, dadurch gekenn-
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zeichnet, daf} die Sensorspule (zum Beispiel 112)
mit ihrer MefRrichtung (Y) im wesentlichen senk-
recht zur Richtung (X) des magnetischen Feldes
angeordnet ist.

Vorrichtung nach Anspruch 11, dadurch gekenn-
zeichnet, daf} die Sensorspule (zum Beispiel 112)
mit ihrer MeRrichtung (Y) im wesentlichen horizon-
tal angeordnet ist.

Vorrichtung nach Anspruch 12, dadurch gekenn-
zeichnet, daf} die Sensorspule (zum Beispiel 112)
mit ihrer MeRrichtung (Y) im wesentlichen parallel
zur Langsrichtung der Schiene angeordnet ist.

Vorrichtung nach Anspruch 12, dadurch gekenn-
zeichnet, daf} die Sensorspule (zum Beispiel 112)
mit ihrer Mefdrichtung (Z) im wesentlichen senk-
recht zur Langsrichtung der Schiene angeordnet
ist.

Vorrichtung nach Anspruch 6 und 9, dadurch ge-
kennzeichnet, dal? die Magnetisierungsspulen
(111, 121) und die Sensorspulen (112, 122) eisen-
freie Luftspulen sind.

Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, dall das Ausgangssignal (u;;) der Sen-
sorspule (zum Beispiel 112) eine Einrichtung (SB1)
zur Messung von Anderungen der Phasenlage (¢)
des Signals zugeflhrt werden kann.

Vorrichtung nach Anspruch 16, dadurch gekenn-
zeichnet, dal} die Einrichtung (SB1) zur Messung
von Anderungen in der Phasenlage des Signals ei-
nen phasen-verriegelten Kreis (PLL1) zur Erzeu-
gung eines Phasenreferenzsignals (U,44) hat.

Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, dall das Ausgangssignal (U;;) der Sen-
sorspule den Einrichtungen (PLL1, AGC1, F21) zur
elektronischen Steuerung des Arbeitspunktes der
Einrichtung (SB1) zugeflhrt werden kann zur Mes-
sung von Anderungen in der Phasenlage des Si-
gnals.

Vorrichtung nach Anspruch 18, dadurch gekenn-
zeichnet, daB die Einrichtungen zur elektronischen
Steuerung des Arbeitspunktes Einrichtungen
(PLL1, AGC1) zur Erzeugung eines Signals (Ugy+)
enthalten, welches dem Mittelwert des Sensorsi-
gnals entspricht, und eine Einrichtung (F21) zur
Subtraktion des genannten Signals von Augen-
blickswert (Uy4) des Sensorsignals enthalten.

Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, daB sie einen ersten Sensor (G1) und ei-
nen zweiten Sensor (G2) und einen dritten Sensor
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(G2") enthélt, die in unterschiedlichen Abstédnden
(L, L") vom ersten Sensor angeordnet sind, sowie
Wahleinrichtungen (SW1, SW2) enthalt, die imstan-
de sind, zur Korrelation mit dem Ausgangssignal
(ugq) des ersten Sensors (G1), das Ausgangssignal
(ugo, U'yo) des zweiten Sensors (G2) oder des drit-
ten Sensors (G2') auszuwahlen.

Vorrichtung nach Anspruch 20, dadurch gekenn-
zeichnet, daR sie Einrichtungen (NV, SW1, SW2)
enthalt zur automatischen Auswahl des Ausgangs-
signals von dem zweiten oder dritten Sensor in Ab-
hangigkeit der Geschwindigkeit (v) des Fahrzeugs.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dal die gemessenen Signalmuster (S1,
S2) Einrichtungen (DS, NV2, CE, NV3, OC) zuge-
fuhrt werden kénnen zur Erkennung einer fehlen-
den Bewegung des Fahrzeugs.

Vorrichtung nach Anspruch 22, dadurch gekenn-
zeichnet, dal} die Einrichtungen (DS, NV2, CE,
NV3, OC) zur Erkennung einer fehlenden Bewe-
gung des Fahrzeugs Einrichtungen (DS, NV2) zur
Erkennung des Nichtvorhandenseins von Anderun-
gen des an einem Mel3ort gemessenen Signalmu-
sters (S1) enthalten.

Vorrichtung nach Anspruch 23, dadurch gekenn-
zeichnet, dal sie Einrichtungen (CE, NV3) zur Er-
kennung des Nichtvorhandenseins einer Korrelati-
on der beiden an zwei MelRorten gemessenen Si-
gnalmuster (S1, S2) enthalt.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dal sie eine Einrichtung (M) zur Speiche-
rung der Charakteristika (Cy,;) eines Signalmusters
enthalt, welches bei einem Schienendefekt auftritt,
sowie eine Einrichtung (CD, COMP2) zur Erken-
nung von Schienenfehlern durch kontinuierlichen
Vergleich zwischen den genannten gespeicherten
Charakteristika und den entsprechenden Charakte-
ristika (Cgq) eines wahrend der Bewegung des
Fahrzeugs gemessenen Signalmusters (S1).

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dall die Sensoren so beschaffen sind,
dal sie an einem Fahrzeug-Drehgestell montiert
werden kénnen.

Vorrichtung nach einem der Anspriiche 6 bis 21, 26,
dadurch gekennzeichnet, dalR die Erstreckung
der Magnetisierungsspule (111) in ihrer Langsrich-
tung bedeutend kleiner ist als der Durchmesser der
Spule.

Vorrichtung nach Anspruch 27, dadurch gekenn-
zeichnet, dal die Magnetisierungsspule (111) eine

10

15

20

25

30

35

40

45

50

55

11

EP 0797 779 B1

29.

30.

20
bandgewickelte Spule ist.

Vorrichtung nach einem der Anspruiche 9 bis 21, da-
durch gekennzeichnet, daf} die Sensorspule (112)
im wesentlichen im gleichen vertikalen Abstand von
der Schiene angeordnet ist, wie die Magnetisie-
rungsspule.

Vorrichtung nach Anspruch 29, dadurch gekenn-
zeichnet, daR die Sensorspule (112) im Verhaltnis
zur Magnetisierungsspule (111) in Langsrichtung
der Schiene (2) in einem Abstand (d/2) angeordnet
ist, der ungefahr der Halfte des Abstandes (d) zwi-
schen der Magnetisierungsspule und der Schiene
entspricht.

Revendications

Dispositif pour la mesure de vitesse dans un véhi-
cule monté sur rail, caractérisé en ce qu'il comporte
des moyens (G1, G2) disposés sur le véhicule et
congus

- pour produire, a deux emplacements de mesu-
re différents I'un aprés l'autre suivant la direc-
tion longitudinale du véhicule et a une distance
(L) connue I'un de l'autre, un champ magnéti-
que qui comprend le rail (2),

- pour détecter, a chacun des emplacements de
mesure, une configuration (S1, S2) de signal
qui correspond a une variation dans le temps
du champ créée par le déplacement du véhicu-
le le long du rail,

- pour déterminer I'écart (t,,) de temps entre les
deux configurations de signal par corrélation
des deux configurations de signal, et

- pourdéterminer, surla base de I'écart de temps
et sur la base de la distance connue entre les
emplacements de mesure, la vitesse (v) du vé-
hicule.

Dispositif suivant la revendication 1, caractérisé en
ce qu'il comporte des moyens (111, 112) de produc-
tion de champ congus pour produire a chaque em-
placement de mesure un champ magnétique alter-
natif.

Dispositif suivant la revendication 2, caractérisé en
ce que les moyens de production de champ sont
congus pour produire des champs alternatifs a une
fréquence dépassant 10 kHz.

Dispositif suivant la revendication 2, caractérisé en
ce que les moyens de production de champ sont
congus pour produire des champs alternatifs avec
I'une d'au moins deux fréquences (f1, f2) différentes
en option.



10.

1.

12,

13.

14.

21 EP 0797 779 B1

Dispositif suivant la revendication 4, caractérisé en
ce que les moyens de production de champ sont
congus pour fonctionner alternativement a deux fré-
quences (f1, f2) différentes.

Dispositif suivant les revendications 1 et 2, carac-
térisé en ce qu'il comporte deux capteurs (G1, G2)
disposés a distance I'un de I'autre sur le véhicule
suivant la direction (Y) longitudinale du véhicule,
chaque capteur ayant une bobine (111, 121) de ma-
gnétisation, qui regoit du courant alternatif pour pro-
duire un champ de magnétisation comportant le rail

).

Dispositif suivant la revendication 6, caractérisé en
ce que la bobine (111, 121) de magnétisation est
disposée en ayant son axe (X) longitudinal sensi-
blement perpendiculaire a la direction (Y) longitudi-
nale du rail.

Dispositif suivant la revendication 7, caractérisé en
ce que la bobine (111, 121) de magnétisation est
disposée en ayant son axe (X) longitudinal sensi-
blement vertical.

Dispositif suivant la revendication 6, caractérisé en
ce que chaque capteur (G1, G2) comporte au moins
une bobine (112, 122) formant capteur distincte
pour détecter des variations de champ créées par
le mouvement du véhicule.

Dispositif suivant la revendication 9, caractérisé en
ce que la bobine (par exemple 112) formant capteur
est disposée entre la bobine (111) de magnétisation
et le rail (2).

Dispositif suivant la revendication 9, caractérisé en
ce que la bobine (par exemple 112) formant capteur
est disposée en ayant sa direction (Y) de détection
sensiblement perpendiculaire a la direction (X) du
champ de magnétisation.

Dispositif suivant la revendication 11, caractérisé
en ce que la bobine (par exemple 112) formant cap-
teur est disposée en ayant sa direction (Y) de dé-
tection sensiblement horizontale.

Dispositif suivant la revendication 12, caractérisé
en ce que la bobine (par exemple 112) formant cap-
teur est disposée en ayant sa direction (Y) de dé-
tection sensiblement paralléle a la direction longi-
tudinale du rail.

Dispositif suivant la revendication 12, caractérisé
en ce que la bobine (par exemple 112) formant cap-
teur est disposée en ayant sa direction (Z) de dé-
tection sensiblement perpendiculaire a la direction
longitudinale du rail.
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20.
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Dispositif suivant les revendications 6 et 9, carac-
térisé en ce que les bobines (111, 121) de magné-
tisation et les bobines (112, 122) formant capteur
sont des bobines a air sans fer.

Dispositif suivant la revendication 9, caractérisé en
ce que le signal (U;4) de sortie de la bobine (par
exemple 112) formant capteur est congu pour étre
envoyé a des moyens (SB1) destinés a détecter des
variations dans la position (¢) de phase du signal.

Dispositif-suivant la revendication 16, caractérisé
en ce que les moyens (SB1) destinés a détecter des
variations dans la position de phase du signal com-
portent un circuit verrouillé en phase (PLL1) destiné
a produire un signal de référence de phase (U4q).

Dispositif suivant la revendication 9, caractérisé en
ce que le signal (U;,) de sortie de la bobine formant
capteur est congu pour étre envoyé a des moyens
(PLL1, AGC1, F21) pour la commande électronique
du point de travail des moyens (SB1) destinés a dé-
tecter des variations de la position de phase du si-
gnal.

Dispositif suivant la revendication 18, caractérisé
en ce que les moyens pour la commande électro-
nique du point de travail comportent des moyens
(PLL1, AGCH1) pour produire un signal (ugm,q) cor-
respondant a la valeur moyenne du signal de cap-
teur et des moyens (F21) pour la soustraction du
signal de la valeur (uy4) instantanée du signal de
capteur.

Dispositif suivant la revendication 9, caractérisé en
ce qu'il comporte un premier capteur (G1) et un se-
cond (G2) et un troisieme (G2') capteurs disposés
a des distances (L, L") différentes du premier cap-
teur ainsi que des moyens (SW1, SW2) de sélection
congus pour sélectionner, pour une corrélation avec
le signal (uy4) de sortie du premier capteur (G1), le
signal (ug,, U'y,) de sortie du second capteur (G2)
ou du troisieme capteur (G2').

Dispositif suivant la revendication 20, caractérisé
en ce qu'il comporte des moyens (NV, SW1, SW2)
pour la sélection automatique du signal de sortie du
second ou du troisieme capteur en fonction de la
vitesse (v) du véhicule.

Dispositif suivant la revendication 1, caractérisé en
ce que les configurations (S1, S2) de signal détec-
tées sont congues pour étre envoyées a des
moyens (DS, NV2, CE, NV3, OC) pour la détection
du non mouvement du véhicule.

Dispositif suivant la revendication 22, caractérisé
en ce que les moyens (DS, NV2, CE, NV3, OC) pour
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la détection du non mouvement du véhicule com-
porte des moyens (DS, NV2) pour la détection de
I'absence de variation d'une configuration (S1) de
signal détectée a un emplacement de mesure.

Dispositif suivant la revendication 23, caractérisé
en ce qu'il comporte des moyens (CE, NV3) pour la
détection de I'absence de corrélation des deux con-
figurations (S1, S2) de signal détectées a deux em-
placements de mesure.

Dispositif suivant la revendication 1, caractérisé en
ce qu'il comporte des moyens (M) pour la mémori-
sation de caractéristiques (C),) d'une configuration
de signal apparaissant a un défaut du rail ainsi que
des moyens (CD, COMP2) pour la détection de dé-
fauts de rail par une comparaison en continue entre
les caractéristiques mémorisées et les caractéristi-
ques (Cg4) correspondantes d'une configuration
(S1) de signal détectée pendant le mouvement du
véhicule.

Dispositif suivant la revendication 6, caractérisé en
ce que les capteurs sont congus pour étre montés
sur un bogie de véhicule.

Dispositif suivant I'une quelconque des revendica-
tions 6 a 21, 26, caractérisé en ce que l'extension
de la bobine (111) de magnétisation suivant sa di-
rection longitudinale est considérablement plus pe-
tite que le diameétre de la bobine.

Dispositif suivant la revendication 27, caractérisé
en ce que la bobine (111) de magnétisation est une
bobine a enroulement de feuilles.

Dispositif suivant I'une quelconque des revendica-
tions 9 a 21, caractérisé en ce que la bobine (112)
formant capteur est disposée a sensiblementla mé-
me distance verticale du rail que la bobine de ma-
gnétisation.

Dispositif suivant la revendication 29, caractérisé
en ce que la bobine (112) de capteur est déplacée
suivant la direction longitudinale du rail (2) par rap-
port a la bobine (111) de magnétisation d'une dis-
tance (d/2) qui constitue approximativement la moi-
tié de la distance (d) entre la bobine de magnétisa-
tion et le rail.
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